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Abstract

This small-scale, quickly-administered study was designed as an initial exploration of the ex-
tent to which general inhibition plays a part in hypnosis. Some models of hypnosis emphasize 
the strategic use of prefrontal disinhibition, while others suggest that frontal regions become 
less involved overall, so that disinhibition is general rather than focused. A stop signal reac-
tion time task was used to assess the level of inhibition available in high and low susceptible 
participants, both waking and hypnotized. Results implied that hypnosis increases inhibition 
for the highly susceptible. From this it is concluded that any disinhibition must be localized 
and strategic.
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introduction

The advent of brain scanning has been of assistance in showing that hypnosis is more than just 
a simple blend of compliance to suggestions and ‘imagining along’ with them (e.g. Naish, 2013). 
As a result, although there may still be some dissenting voices (see Kirsch, et al., 2011) it has 
become reasonable to consider hypnosis to be an altered state of consciousness. However, the 
various forms of brain scanning and monitoring available to us are, as yet, unable to provide 
full explanations of consciousness itself, so to describe hypnosis as some kind of modification 
to consciousness is not entirely helpful.

What we do know, of both hypnosis and consciousness more generally, is that the prefrontal 
cortex (PFC) plays a key role. The work of van Gaal and Lamme (2012) has helped to draw 
together and explain several significant observations. First, it is known that a briefly displayed 
word, shown too quickly for us consciously to know what we saw, can nevertheless influence 
our behaviour; clearly, analysis has taken place outside conscious awareness. Brain scanning 
in this situation shows that activity spreads forward through the brain, starting at the back at 
the onset of the stimulus, in the visual cortex, then moving through the processing sequence, 
getting closer to the front of the brain. Crucially, when the stimulus is very brief, the activity 
never reaches as far forward as the PFC. Interestingly, a slightly longer-lasting stimulus that 
does result in PFC activity still does not necessarily result in conscious awareness. That seems 
to occur only after the PFC initiates backward-acting signals. These appear to result in the 
phase-locking of activity pertinent to the experience (Doesburg et al., 2008).

Phase-locking is analogous to having different sections of an orchestra (but not all of it) 
following the conductor. Because the brain is highly modular the various aspects of an experience 
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will be represented by activity in different regions; for example the round shape of an orange, its 
colour and its smell will each be recognized in different brain areas. Nevertheless, the conscious 
experience is of a unified whole and scanning reveals that oscillations in those different regions 
remain locked in step. The synchronization is achieved by long-range feedback via neural tracts 
originating in the PFC; without this there seems to be no conscious awareness.

Imagining and remembering appear to utilize the same feedback pathways from the PFC. 
In this case, rather than controlling activity caused by external stimuli, the PFC is actually 
generating activity. One theory of why humans developed consciousness is based upon this 
ability to re-activate regions of brain that were no longer receiving external information. 
Baumeister & Masicampo (2010) proposed that this was very valuable to a social animal, since 
it would permit the repeated ‘re-running’ of a social interaction, so enabling the ruminator 
to fine-tune future encounters. Scanning someone who is remembering or visualizing reveals 
activity that is very similar to that observed when the stimuli are actually present. Significantly, 
the similarity is much enhanced when visualization occurs in hypnosis (Szechtmanet et al., 
1998; Kosslyn, et al., 2000). Comparison with the experiences of schizophrenia can help to 
explain why hypnosis may enhance the sense of reality.

Schizophrenia patients exhibit lower than normal levels of phase locking (Haig et al., 2000) 
and this appears to be the result of poor connectivity with the PFC (Lawrie et al., 2002). Perhaps 
an even more significant deficit is that, along with the excitatory links used for phase-locking 
or visualizing, the patients lose inhibitory connections too (Shergill et al., 2005). These are 
used to reduce activity in areas of the brain that are not contributing to conscious awareness 
(Buehlmann & Deco, 2008) especially those resulting from the person’s own actions. Thus, 
when a healthy person moves their arm, although the receptors in the joints will be stimulated, 
little corresponding activity is seen in the brain. This low response is due to the arm movements 
being self-initiated, so making it possible to predict the potential neural responses and inhibit 
them. In contrast, if a person has their arm moved by someone else, then prediction is not 
possible and a clear, uninhibited signal is observed in the brain. Schizophrenia patients fail to 
inhibit self-generated signals so, presumably as a consequence, have the feeling that their 
actions are being controlled by external forces. Brain scanning hypnotic ‘highs’ reveals that, 
as with the patients, they exhibit reduced phase-locking (Fingelkurts et al., 2007). Moreover, 
when experiencing things ‘happening by themselves’, such as in the arm levitation test, they 
fail to inhibit the signals, just as if outside forces were moving the arm (Blakemoreet al. 2003).

The foregoing is a clear indication of the importance of the PFC in the generation of 
both normal and atypical conscious experiences. Although a more detailed understanding of 
the processes involved would permit a more precise description of hypnotic mechanisms, 
nevertheless it seems reasonable to claim that changes in the excitatory and inhibitory 
behaviour of the PFC underpin the experiences of hypnosis. Since people exhibit a range of 
hypnotic abilities it may be supposed that the extent of the changes in PFC activity varies 
between individuals. Plausibly, the type of change could differ too, with some people perhaps 
very good at reducing inhibition, so making actions feel involuntary, while others may be better 
at manipulating excitatory signals in order to generate hallucinations. These conjectures imply 
considerable mental versatility, with PFC activity being finely tuned to achieve the desired 
outcome. As Spanos frequently emphasized (e.g. Spanos, 1986) people in hypnosis do what 
they believe people in hypnosis are meant to do. Thus, the PFC control is strategic and must 
involve a good deal of the executive, planning function associated with that region.
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In contrast to the above, a number of researchers have associated hypnotic effects with 
a reduction in executive function, characterizing this as a state of hypofrontality. Semmens-
Wheeler, Dienes and Duka (2013) present a good summary of the evidence suggesting a 
reduction of PFC involvement, and contribute their own finding that alcohol increases hypnotic 
susceptibility. Participants in their study, who had consumed a quantity of alcohol equivalent 
to approximately 500 ml of wine, rated their hypnotic experiences as more intense than those 
who had consumed placebo. Other tests confirmed that the alcohol had, as expected, impaired 
frontal lobe activity, so the authors concluded that hypnosis is associated with a reduction 
in frontal involvement. However, it is difficult to generalize from this finding, for there are a 
number of caveats, most of which the authors acknowledge. Importantly, it is not entirely clear 
what exactly is being facilitated or disrupted by the alcohol. It is obvious that increasing levels 
of intoxication would eventually impair hypnotic responding, so there is presumably some 
optimum level which permits the best hypnotic response. Whether that level impairs excitatory 
and inhibitory processes equally is unclear. It is generally assumed that alcohol disinhibits, and 
one of the tests used by Semmens-Wheeler et al. (2013) did confirm that participants in the 
alcohol condition had a reduced ability to inhibit. On the basis of the account given earlier, 
this might be expected to permit inappropriate activity in the brain, leading to the erroneous 
experience that the hypnotic effects were happening without volition. However, a generalized 
reduction in inhibition would tend to raise the overall activity across the brain; that is not 
what brain scanning in hypnosis shows, at least not for hypnotic ‘highs’. McGeown et al. 
(2009) showed that the so-called default mode activity (the background activity when there is 
no specific task to be performed) was reduced in ‘highs’ when hypnotized. If these participants 
sometimes used disinhibition, as the results of Blakemore et al. (2003) would predict, then 
they must have been able to deploy the strategy very selectively. This is not what would 
be expected when alcohol was used as the disinhibiting agent. It should be noted that the 
McGeown et al. participants were ‘highs’, whereas those in the Semmens-Wheeler et al. study 
were deliberately selected to be only moderately susceptible, to allow for either enhanced or 
impaired susceptibility to be registered. It is not known whether people who are moderately 
susceptible simply do less of whatever ‘highs’ do, or whether the latter have a different way of 
achieving their responsiveness. The experiment to be reported here attempted to determine 
what ‘highs’ were doing – specifically looking for evidence of general disinhibition.

The test used was similar to the one employed by Semmens-Wheeler et al. (2013) when 
checking that alcohol had reduced the ability to inhibit behaviour; it is called the Stop 
Signal Reaction Time (SSRT) task. A participant has to respond as quickly as possible to a 
signal, but has to withhold the response if a second signal indicates Stop! That stop signal is 
delivered a little later than the first trigger signal, and if it is too much later the participant 
is unable to prevent him- or herself from responding. Those who have a reduced ability to 
inhibit behaviour, for example through intoxication or having a condition such as obsessive 
compulsive disorder, require the stop signal to be presented with relatively little delay. In this 
experiment participants were to be tested in and out of hypnosis, to determine whether their 
levels of inhibition changed between the two states.
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Method

Participants

Fourteen students attending an Open University Summer School volunteered to take part, 
having been selected following testing with the Harvard Group Scale of Hypnotic Susceptibility 
(Shor & Orne, 1962). There were seven ‘highs’ and seven ‘lows’, each group comprising six 
female and one male participant. All were fully informed about the nature of the study, although 
not its precise purpose; they were merely told that it was ‘looking to see in what ways the 
brain performed differently in hypnosis’. Since the testing diverted students from their primary 
objective at Summer School the test procedures were designed to be as brief as possible.

Stimulus presentation

Stimuli comprised large block arrows, pointing either left or right, presented on a laptop 
computer. Participants responded by pressing a left- or right-hand key on the computer 
keyboard. Presentation began with only the shaft of the arrow appearing in the centre of 
the screen, comprising a broad, black, horizontal line. After a random delay of between 1 and 
2 seconds a black arrow head was added to one end or the other, with equal probability. At 
this point reaction timing began. Participants were instructed to respond to the direction as 
quickly as possible, but on 30% of presentations the black arrow turned red. This was the stop 
signal, and if it occurred participants were not to make a response.

Initially, the delay between arrowhead presentation and the stop signal was 200 ms, but 
this delay tracked the success or otherwise of the participant in withholding the response. 
After two consecutive successes the delay was lengthened by 64 ms, but after two consecutive 
inhibition failures the change was reversed and the delay reduced. At each reversal the step 
size was halved: 32, 16 ms and so on. In this way the delay was adjusted towards a value at 
which the participant had a 50% chance of correctly withholding the response.

If no response was made the screen was cleared after 3 s from stimulus onset; alternatively, 
if there had been a response the screen went blank 750 ms after the key was pressed. After a 
further 750 ms the sequence was repeated, until a total of 72 stimuli had been presented. At 
the end, the grand mean of all reaction times (RTs) to black arrows was calculated. The stop 
signal delay (SSD) was taken to be the mean of the most recent delays resulting in a) success 
and b) failure. Thus, if a participant successfully withheld a response with a delay of 320 ms, 
but responded when the delay was 336 ms, then the SSD was assumed to be 328 ms. The SSRT 
was calculated as mean RT – SSD. A larger value of SSRT implies less inhibition.

Experimental procedure

All participants were first given 24 practice stimuli, to familiarize them with the task. Following 
this, four from each group went on to be tested in the waking condition first, while three 
were hypnotized before continuing. The induction consisted of progressive relaxation and 
guided visual imagery, following which participants were instructed that it would be easy for 
them to open their eyes and perform the task they had seen before. After testing they were 
told to close their eyes, then were given formal waking instructions. After the first sequence, 
participants repeated the procedures in the other condition.
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Results

Table 1 shows the mean stop signal reaction times for the ‘highs’ and ‘lows’ in the two conditions. 
Overall, ‘highs’ maintained shorter SSRTs, but the difference was not statistically significant. 
A two-way analysis of variance (state × hypnotizability) revealed only the interaction to be 
significant, F

1,12
 = 11.8, p = 0.005. This shows that attempting hypnosis by people who are of 

low susceptibility results in an increase in SSRT, whereas in those who are highly hypnotizable 
hypnosis lowers SSRT (i.e. increases inhibition) with respect to the waking value.

Discussion

This small-scale study suggests strongly that people who are adept at hypnosis do not achieve 
this by engaging in a generalized reduction in inhibition. In fact the reverse appears to be true; 
they become better able to inhibit. This can be interpreted as being in line with the results of 
McGeown et al. (2009) who showed with fMRI that hypnotized ‘highs’ had reduced default 
mode activity. Of course, the relative inactivity of their participants’ brains may have been 
attributable to lack of excitation, rather than copious inhibition, but it is implausible that the 
level of inhibition had been reduced.

Another parallel may be found in the results of Gruzelier, Gray and Horn (2002) who recorded 
evoked potentials in an odd-ball experiment. In this kind of test brain activity is monitored via 
scalp electrodes, while a series of identical stimuli (simple ‘beeps’) is presented. Each stimulus 
produces a neural response, the evoked potential, which is detected via electroencephalography. 
The unchanging stimuli produce only a small response, but when an ‘odd-ball’ is introduced 
(a beep of different pitch or duration) there is a very strong, characteristic electrical response. 
Gruzelier et al. found that in hypnotized ‘highs’ this response was dramatically reduced, whereas 
when ‘lows’ were hypnotized an enhanced response was produced.

The diminished response of the ‘highs’ in the Gruzelier et al. study is presumably attributable 
to increased inhibition, while the ‘lows’ appear to have reduced it. Both these effects precisely 
mirror those of the current experiment and appear to be part of a general tendency in ‘lows’ 
not simply to fail to produce effects, but actually to show reverse effects (Naish, 2014).

A clinical observation may be of relevance to the role of inhibition in hypnosis. It is that 
obsessive-compulsive patients are widely held to be very difficult to hypnotize; if formally tested 
they would score as ‘lows’. It is also the case that these people are poor at inhibiting, so perform 
relatively badly on the SSRT task (Lipszyc & Schachar, 2010). If disinhibition were an aid to 
hypnosis, then obsessive-compulsive disorder should be associated with high susceptibility. It is 
not, but another condition is: post-traumatic stress disorder (PTSD). Those suffering from PTSD 
are more than averagely hypnotizable (Yard, et al., 2008) and appear to have good inhibition, 
except for trauma-related material (Naish, 2012). The flashbacks of PTSD are remarkably like 
hypnotic hallucinations, and for patients the focus on the trauma material combined with the 

Table 1 Mean and (SD) SSRT values (ms) for the two groups, in the waking and hypnosis conditions

Waking Hypnosis

Low hypnotizable 522 (152) 583 (184)

High hypnotizable 579 (118) 509 (102)
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ignoring of disconfirming information can lead to the flashback being interpreted as reality, even 
months after the precipitating event. As with hypnotic ‘highs’, these effects are explicable in 
terms of a well-tuned deployment of inhibition and disinhibition.

If, as is being argued, strategic inhibition is an important part of achieving hypnotic effects, 
it is not immediately clear how consuming moderate amounts of alcohol improves hypnotic 
responding. The people being tested in the Semmens-Wheeler et al. (2013) study were only 
modestly responsive to hypnosis, but what made them so is not known. It was suggested in 
the introduction that hypnotic effects might be initiated via a mix of excitatory and inhibitory 
mechanisms. It is possible that people who are moderately susceptible are relatively good at 
initiating excitatory processes, sowing the seeds of a non-veridical experience, but they may 
be less good at turning off the disconfirming inhibition, the kind of inhibition that signals the 
effect to be coming from within, not without. If this were the case, then modest amounts 
of alcohol may facilitate the strategic inhibition reduction, although larger amounts would 
disinhibit too widely.

Conclusion

People who score high on hypnotic susceptibility scales appear to increase their ability to 
inhibit when they are hypnotized. This is taken to support models of hypnosis that explain 
the phenomenon in terms of focused attention and strategic deployment of frontal lobe 
involvement.

It is recognized that this is a small study, that may not generalize to lower levels of hypnotic 
susceptibility nor, possibly, to other means of testing for inhibition. However, it is an indication 
of an area deserving further exploration.
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